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Abstract: Over the past few years, the “smart city” concept has emerged as a new trend to answer
challenging issues related to urban development. Transformation of a city system into a smart
system is meant to improve the quality of life for its people and their way of living, its environment,
economy, transport, and governance. Due to benefits associated with the concept of the smart city and
associated implementation challenges, traditional city systems have been undergoing transformation
into smart city systems. However, observed approaches of transformation presented disconnected
and fragmented city systems that usually hamper the interaction of city subsystems with the efficient
and environmentally friendly urban environment. This work emphasizes the systematic view of a city
system and proposes a novel method of smart city system integration. The results of our study show
that in a smart city environment, where ecosystem services are valorised, air pollution emitted by
vehicles can be removed by taking into consideration information related to air pollution reduction.
A case study is presented to demonstrate that, with an integrated system, information outputs on
travel decisions are different and more valuable. The case study explores the operability of the system,
its limitations, and potential future improvements.
Keywords: smart city; information integration; air pollution; vehicle smart routing
1. Introduction
Observed rapid urbanisation and projected increases in urban populations in cities around the
world motivate city planners and policy makers to consider how to sustainably manage resources in
an environment that meets urban population needs. Based on [1], 54% of the global population lives in
urban areas. In Europe, up to 75% of the continent’s population live in urban areas, and these numbers
are expected to reach 80% by the end of 2020 [2]. We have entered an urban era where cities around
the globe are being challenged by rapid urbanisation and there has been an increasing awareness of
problems related to the environment and sustainable urban development.
Fuelled by the development of technology, the concept of a “smart city” has taken over as a solution
to challenges faced by cities. Although this concept is still criticised as too techno-centric [3] and
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lacks proper conceptualisation [4], its popularity has not stopped growing with combined objectives
of enhancing the quality of life, Information and Communications Technology (ICT) development
in urban areas, adopting new ways of governance, and concentration on sustainable development
and human capital [4]. A smart city concept comes together with more analogous terms, such as
virtual city, intelligent city, ubiquitous city, knowledge city, etc.—all of which were blamed for lacking
a “people” component [2]. The smart city system also has many definitions [2,4] and appears not
to have a one-size-fits-all definition. This highlights its complexity as a system with six subsystems.
Dirks & Keeling [5] stressed the need for an integrated city’s subsystems in creating a smart city,
and the idea was supported by Moss Kanter & Litow [6], who argued that a smart city will not be
created by infusing technology in subsystems one by one but that the city should be treated as a whole
entity. Some work separated the concept into numerous features with the complexity to manage a city
in a holistic way [7,8]. From a technology perspective, the smart city concept is mostly built on ICT,
and the concept is seen like a winning strategy to achieve urban sustainable development, to meet the
need of citizens, and to preserve the environment [9].
The application of the smart city concept is still fragmented and requires integration of all
subsystems [2,5,6,10,11]. Some authors [12] observed a lack of an integrating view with regards to
transforming traditional cities into smart cities. They also noticed that the way the smart city concept
is approached presents disconnection of the subsystems. In an effort to develop a method for an
integrated smart city system, some researchers [11] (see Figure 1) focused on an information perspective
of the smart city concept.
This work builds on an integrative line of inquiry to propose a scenario that highlights and
tests a new approach of information integration in a smart city. The core objective of this work is to
provide a viable solution to the prevailing integration issue observed in the process of transformation
of traditional city systems into smart city systems. Through a case study, this work introduces a novel
vehicle smart routing system to highlight the integration approach, an approach that maximises the
benefits of completeness of information. The work stresses the benefit of an integrated smart city
system and presents a novel approach to how such an integrated system would function subject to a
particular scenario. The focus is directed to smart mobility and smart environment, two subsystems
of a smart city system that deal with pollution in the urban environment. We are in an era in which
environmental concern is high for many, and the least cost path problem is of interest in a variety of
areas, especially when analysing issues related to traffic. Given that road traffic is one of the major air
pollution contributors [13], the relevant parts of a smart environment subsystem are considered, which
will direct the focus on green infrastructure and its potential to reduce air pollution. It is obvious that
the integrative approach must have a holistic vision integrating all components, but in the context of
this study, the work wishes to test the integration of two specific components of a smart city system
and therefore takes as a starting point the point where information from mobility and environment can
work together to inform citizens. In a smart city environment, travellers are proposed routes which
would rather minimize the footprint of their travel on the environment. To achieve this, the proposed
system presents an option of a route that has higher capacity to remove air pollution to travellers
seeking a route. This practice not only displays an integrated smart city system but also highlights the
possibility to travel with less impact on the environment since it is helped by green infrastructure in a
smart city environment.
2. Background
It was observed that with eco-routing, adopted approaches in previous work focused on reduction
of fuel consumption [14–16] by proposing routes that would optimise energy consumption and
emissions. In this work, we agree that the eco-routing practice has potential to reduce fuel consumption
and harmful pollutants generated by mobility; however, we also believe that there is a necessity to
remove emitted pollutants from the air. One limitation of our approach may be that we only consider
the air pollution removal aspects of the vegetation cover; nonetheless, we acknowledge that the tree
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cover at route scale provides many other ecosystem services like temperature reduction, shading,
amenities, etc. [17,18].
2.1. Air Pollution Removal by Trees in a Smart Environment
The removal of particulate matter and other air pollutants is an ecosystem service offered by
vegetation and green infrastructure. They can absorb gaseous pollutants through their stromata and
intercept particulate matter on their surfaces. The work presented here focuses on trees since they
can provide greater pollution removal potential [19], especially in proximity to the road environment
(<50 m; [13]), where concentration of air pollution from traffic vehicles is the highest [13]. Therefore, this
study considers this distance and makes reference to [20] to quantify the capacity of a route to remove
air pollution.
2.2. Smart Routing in Support of Air Pollution Removal
More than 60% of the European population lives in an urban area [21]. Mobility challenges in
actual urban areas are generally affected by increased travel times due to congestion, which increases
fuel consumption and pollutant emissions [15]. Cities always try to find responses to congestion and air
pollution by improving vehicles and making travel more efficient. There are now many tools that advise
travellers of the efficient routes to take to reduce the duration of travel. These tools generally use a
global positioning system (GPS) and mapping—routing software, vehicle speeds on different roadways,
and real time traffic information—to advise a least cost path to a particular destination. A “least cost
path” in general means a path that minimises emissions. Efforts have been made to develop eco-routing
navigation systems to minimise fuel consumption and emissions [14–16]. However, although in some
cases the shortest distance takes the shortest time and minimum fuel consumption, it has been argued
that shortest distance does not always imply shortest travel time and that the least polluting route
was not always the fastest route due to factors such as congestion [15]. This was explained by [22],
who highlighted a nonlinear relationship between travel speed and vehicle fuel consumption and
emissions. There has been a big focus on how to minimize vehicle fuel consumption/emissions [14].
Many approaches that attempt to minimise traffic emissions through eco-routing can be found in the
literature and all these approaches try to reduce air pollution by minimising energy consumption [14–16,23].
However, more can be done not only to minimise emission and air pollution but also to use green
components to reduce air pollution. This work closes this gap by presenting a smart city system that
favours information integration. This practice consists of integrating information from all the subsystems
of a smart city system to get a comprehensive set of information as shown in Figure 1.
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There is evidence of a growing demand for both system integration of the smart city system
and solutions to deal with pollution generated by traffic [25]. This work proposes a solution that is
helped by combined information in a smart city on green infrastructure and vehicle smart routing to
contribute to air pollution removal from the air. Although actions such as carpooling, electric vehicles
(EVs), autonomous vehicles (AVs), and others such as eco-routing can minimise automobiles’ fuel
combustion and reduce air pollution, it is also essential to extract these harmful pollutants from the air
for the benefit of all green infrastructure users.
3. Materials and Methods
This section elaborates the adopted vehicle smart routing system approach, a system that integrates
information to enhance its significance. It combines air pollution removal by trees and builds on
current vehicle routing practices to present a new perspective on vehicle routing systems that considers
information integration in a smart city system.
3.1. Working Approach
The approach towards the new proposed vehicle smart routing system is presented in Figure 2.
Often, a review of literature presents eco-routing navigation systems that could minimise pollution
emitted but that does not remove it. The approach in this work is to provide integrated information
about the potential of trees to reduce air pollution through smart routing. A combination of route
characteristics and green infrastructure produces a smart routing system that rather valorises air
pollution removal by green infrastructures.
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results, after processing, give weights with which the smart routing system combines to identify the
least cost route (presented in blue). With a weighted graph (Figure 3), an algorithm will compute a
smart route to be advised to travellers who are frequently faced by the problem of finding the least cost
route while planning their trips.
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3.2. Study Area
Strasbourg, a city located in northeast of France on the border with Germany, was the study area
for this work due to the availability of robust and relevant datasets. It is the largest city and capital city
of the Grand Est region. It was estimated that, in t e city of Strasbourg, commuting trips produced up
to 629.23 kg er commuter per year of carbon di xide. This required 28.90 trees for each pass nger to
comp sate for carbon dioxide production [26].
3. . Data Used
To perform quantifi ir o lutants removed by trees while f llowing particular route,
there was a need for i f t ct re and mobility data for such task and air pollution reduction
rates computed in [20]. e etatio (i.e., tree cover) data were obtained from Open Data Grand East
official website (accessed in January 2020). More data concerning environmental parameters were
obtained making reference to [20]. For mobility data, distances between points were obtained through
analysis in ArcGIS.
3.4. Air Pollution Removal
The reduction of air pollution, which is an ecosystem service produced locally by vegetation,
was included in this study. Following the literature [19,27], the assessment of this service at a local
scale was based on an up-down approach crossing spatial data (i.e., tree cover) extracted for our route
sample and data from place-specific literature to quantify the total amount of air pollution removal
per route.
A study by Selmi et al. [20] performed air pollution removal quantification where, in a period of
non-precipitation, an i-Tree Eco model dry deposition module [26,27] was used to estimate the removal
rate of air pollutants. The i-Tree Eco dry deposition module was used to estimate pollution removal
throughout the year and determined reduction rates of air pollutants by trees as follows: NO2: 0.92 g
m−2 of tree cover year−1, O3: 3.73 g m−2 of tree cover year−1, PM10course: 0.79 g m−2 of tree cover
year−1, and PM2.5: 0.3 g m−2 of tree cover year−1. These reduction rates were used for this work as they
were obtained in the same context as the study area. A start nd end p int ere selected randomly in
the study area to represent an origin and a destination, which allowed for the identification of p s ible
and relevant alternative routes. In ge eral, r ute network nav gation tools re digital maps of routes
created in a Geographic I formation Syst m d tabase in which user interfaces allow us rs to input
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origin and destination information to find a route. In reference to [15], and given that the main objective
of this work is more integration of information in a smart city rather than the development of a routing
system, random selection of origin and destination information was found acceptable. In ArcGIS,
a buffer zone was elected within the near road environment (<50 m), and vegetation cover could be
obtained for each route, which represented the canopy cover. The canopy cover and air pollution
reduction indices allowed to compute air pollution reduction capacity for routes (Equation (1)).
Cr = Ei ∗Ccr (1)
where Cr is the capacity of a particular route to remove air pollution, Ei is reduction indices for specific
pollutant, and Ccr is the canopy cover of an individual route (r).
Since air pollution removal quantification was based on place-specific literature, no information
was found about air pollution removal by species in Strasbourg city. We were limited to reduction
rates assessed within Strasbourg city, like it has been done in New York and Melbourne [19,27].
3.5. Smart Routing in an Integrated Smart City
The development of the system model of the smart routing system (Figure 4) make reference to
Figure 2. It shows the flow of information in a smart city system where external sources associated
with specific smart subsystems fetch and feed-in specific data, mobility and environmental data in the
case of this study, to be processed into meaningful information and later combined at the level of the
smart routing system to assign a route.
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Various algorithms such as Bellman–Ford algorithm, the Floyd–Warshall algorithm and the
Dijkstra algorithm, among others, can be used for calculation of the least cost route [28]. In this
work, the Dijkstra algorithm is used to compute the least cost path in a set of alternative paths [28].
This algorithm was considered for this work because, in addition to being the most used in vehicle
routing and other network connection protocol, it is easily implemented in a distributed way, and its
results contain information on vertices of the entire network, not only vertices they are connected
to [28,29]. Traffic problems are dynamic and can change rapidly. This algorithm enables us to compute
shortest paths to all destinations from a source instead of just for a specific pair of source and destination
nodes at a time, which is very useful in our problem, especially for the complex routes. Provided with
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good data, the Dijkstra algorithm can be useful for analysing a least cost past problem and proposing a
solution (Figure 5). The Dijkstra algorithm cannot accept a multigraph (which is permitted to have
multiple edges or parallel edges between the same end nodes). Without loss of generality, to solve this
problem, the multigraph is converted to a simple graph, which is an acceptable input format for the
Dijkstra algorithm, by adding the virtual nodes (showing different route options) between the source
and destination. This conversion can be done on any graph input with multiple nodes to find the
optimal solution with a lower computing time. In the Dijkstra algorithm, a weighted graph with a
source node (start), the algorithm computes the least cost path to a destination node (end) (Figure 3).
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Weights show the capacity for eac individual route to remove ir pollution. The principle is that by
integrating c racteristics of routes and green infrastructure information, air pollution produced by
vehicles is emoved from the air by green infrastructures. Normalisation of values was performed
using Equation (2) to enable combination of m bility parameters and environmental parameters a
generate a weight for each individual oute, hich in turn allows integrated information to be obtained.
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where x′Env and x
′
Mob are environmental and mobility parameters, respectively, xij is the particular
value of a parameter, and xmaxj and x
min
j are maximum and minimum values of each type of
parameter, respectively.
After the environmental and mobility parameters are normalized, a route cost can be calculated




w jxi j (3)
where wj is the weight of the jth parameter. In a multi-objective function, the weight of each parameter
can be set by users based on their preferences. Thus, the weight of influential parameters can vary in
different applications. As the proposed approach is more interested in environment-friendly routes,
we have decided to consider the same influence in our proposed approach. However, if the number
of additional pollutants parameters increases in a way that the impact of the distance becomes less,
the distance weight can be increased to compensate for this.
Environmental data/vegetation data were analysed using ArcMap, a component of ArcGIS tool,
to draw a buffer zone (shown in Figures 6 and 7).
4. Results and Discussion
4.1. Results
Information shown in Figures 6 and 7 illustrates the study area and the routes, subjects of this study.
Constructed buffer zones shown in Figure 7 allowed us to obtain the canopy cove for computation of
tree cover, and the results are shown in Table 1, together with the length of each route.
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Table 1. Routes length and corresponding canopy cover.
Routes Length_(km) Tree Cover (m2)
Route 1 10.98 203,797.25
Route 2 11.25 202,623.57
Route 3 11.26 206,412.08
Making use of air pollution reduction factors in [20], removal indices were obtained as shown in
Table 2. The capacity of tree cover to remove air pollution for each route was computed (Equation (1)),
helped by vegetation data as shown in Table 3 in the next section.
Table 2. Indices of air pollution removal by trees (Source, [20]).
Removal Indices (g m−2 of Tree Cover Year−1)
CO O3 NO2 PM10 COARSE PM25 SO2
0.08 3.73 0.92 0.79 0.3 0.07
Table 3. Air pollution rem val by trees.
Pollution Removal (g Year−1 per Trip)
CO O3 NO2 PM10 COARSE PM25 SO2
Route 1 16,303.78 760,163.74 187,493.47 160,999.83 61,139.18 14,265.81
Route 2 16,209.89 755,785.92 186,413.68 160,072.62 60,787.07 14,183.65
Route 3 16,512.97 769,917.06 189,899.11 163,065.54 61,923.62 14,448.85
The weights presented in Table 4 are the results of normalisation. The computation made use of
Equati n (2) and each route associated with its individual weights with which the Dijkstra algorithm
uses a weighted graph to compute the least cost route with a smart routing system.
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Table 4. Values after parameters normalisation and obtain weights of routes.
Data Normalization
CO O3 NO2 PM10COARSE PM25 SO2 Length km Weight
Route 1 0.98733 0.98733 0.98733 0.98733 0.98733 0.98733 1.00000 6.92399
Route 2 0.98165 0.98165 0.98165 0.98165 0.98165 0.98165 0.97600 6.86590
Route 3 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.97513 6.97513
Therefore, by making use of weights computed in Table 4, the proposed smart routing system
would select route 3, as can be seen in Figure 8.Sustainability 2020, 12, x FOR PEER REVIEW 10 of 14 
 
Figure 8. Route selected by the smart routing system. 
To make our problem solvable by the Dijkstra algorithm, the initial multigraph (which is 
permitted to have multiple edges or parallel edges between pairs) needs to be converted to a simple 
graph without parallel edges. To do this, the virtual nodes can be added as representing the route 
options while the weight can be divided by two. As the Dijkstra algorithm always finds the path with 
the shortest value between the source and destination, while we are interested in finding the path 
with the highest value (higher pollution removal), the values of the edges can be converted to 
negative to find the correct solution. This approach can be applied to any directed acyclic graph 
where no negative cycles can be created. Note that the longest path between two given vertices in a 
weighted graph G (directed acyclic graph) is the same as a shortest path in a graph −G, which is 
derived from G by changing every weight to its negation. Therefore, if shortest paths can be found in 
−G, then longest paths can also be found in G. If G is a directed acyclic graph, then no negative cycles 
can be created, and a longest path in G can be found in linear time by applying a linear time algorithm 
for shortest paths in −G, which is also a directed acyclic graph. 
4.2. Discussion 
Sections 1 and 2 showed that, with smart mobility, one of the six subsystems of a smart city 
system, a lot of work has been done on the mobility of the future (autonomous vehicles, intelligent 
traffic management, etc). Road traffic is one of the major sources of air pollution and imposes a heavy 
cost on health and environment. Green infrastructure (urban trees in our case), as an integral part of 
the smart environment [31], plays an important role in cleaning the air we breathe, and urban trees 
are one potential solution, among others, to help mitigate air pollution depending on tree cover. 
This work explored general practices of smart city development and noted that significant work 
has been done to enable a better understanding of the smart city concept but also observed that 
existing approaches on the smart city system lacked an integrative view and linkage in architecture 
[25]. It presented an integrative method that highlights information integration, albeit with extent 
limited to the focus of this study, in a smart city system which brings mobility information and 
environmental information to work together and inform citizens. 
Green infrastructure is a complementary and sustainable solution to reduce air pollution. 
Therefore, green infrastructure associated with other integrative strategy measures, such as vehicle 
smart routing system, can make a significant positive impact on the environment. However, a green 
road still does not mean a road with less pollutants. Indeed, the morphology of the streets and the 
leaf density influence (positively or negatively) the nature of the impact of trees on pollution. Trees 
can also limit pollutant dispersion and thus increase local pollutant concentrations (e.g., near 
roadways) [32,33], which could exacerbate public health problems due to air pollution exposure. 
Integrating the impact of trees on air pollution into traffic management systems should be based on 
Figure 8. Route selected by the smart routing system.
To make our problem solvable by the Dijkstra algorithm, the initial multigraph (which is permitted
to have multiple dges or parallel edges b tween pairs) needs to b converted to a simple graph
without parallel edges. To do this, the virtual nodes ca be added as representing th route options
while the weight can be divided by two. As the Dijkstra algorithm always finds the path wit the
shortest value between th source and destination, while we are int rested in finding the path with the
highest value ( igher pollution rem val), the values of t e edges can be converted to negative to find
the correct solution. This approach can be applied to any directed acyclic graph wh re no negative
cycles can be creat d. Note that the longest pat between two given vertices in a weight d graph
G (directed acyclic graph) is the same as a shortest p th in a graph −G, which is derived from G by
changing every weig t to its negation. T erefore, if shortest paths can be found in −G, then l ngest
paths ca also be found in G. If G is a directed acyclic graph, then no neg tive cycles can be created,
and a longest path in G can be found in li ear time by applying a linear time algorithm for sh rtest
paths in −G, which is also a directed acyclic graph.
4.2. Discus ion
Sections 1 and 2 showed that, with smart mobility, one of the six sub ystem of a smart city sys em,
a lot of work has been done o the m bility of the future (autonomous vehicles, intelligent traffic
manage e t, tc). Road traffic is one of the major source of air pollution and imposes a heavy cost
on health and enviro ment. Green infrastructu e (urban trees in our case), an integral part of the
smart enviro ment [31], plays an important role in cleaning the air we breath , and urban trees are on
pot ntial s lution, among others, to help mitigate air pollution depending on tree cover.
Sustainability 2020, 12, 5099 11 of 14
This work explored general practices of smart city development and noted that significant work
has been done to enable a better understanding of the smart city concept but also observed that
existing approaches on the smart city system lacked an integrative view and linkage in architecture [25].
It presented an integrative method that highlights information integration, albeit with extent limited to
the focus of this study, in a smart city system which brings mobility information and environmental
information to work together and inform citizens.
Green infrastructure is a complementary and sustainable solution to reduce air pollution.
Therefore, green infrastructure associated with other integrative strategy measures, such as vehicle
smart routing system, can make a significant positive impact on the environment. However, a green
road still does not mean a road with less pollutants. Indeed, the morphology of the streets and the leaf
density influence (positively or negatively) the nature of the impact of trees on pollution. Trees can also
limit pollutant dispersion and thus increase local pollutant concentrations (e.g., near roadways) [32,33],
which could exacerbate public health problems due to air pollution exposure. Integrating the impact
of trees on air pollution into traffic management systems should be based on in-depth studies of the
interactions between urban morphology and the type of vegetation layer. Besides, other indicators,
such as vegetation type, age, and condition [34,35], should be taken into account to ensure drivers and
the general public’s safety.
From information in Table 1, it is obvious that, if only mobility parameter(s) (distance) is considered,
route 1 (R1) would be selected as the least cost route given that it has the smallest weight. In this
case, it is worth noting that for mobility parameters, higher values are non-beneficial, and therefore a
route with the lowest associated weight is selected. However, in a smart routing system, where both
mobility and environmental parameters were to be integrated (as shown in Table 4), the result would
be different with a selection of R3. However, for environmental parameters in this work, the higher
capacity a route has to remove pollution from the air, the more it is beneficial and considered.
In general, travellers look for either the fastest route or the shortest route with an objective of
travel time minimisation. It is worth noting that, in vehicle eco-routing systems, though in some cases
shortest distance minimises emissions, it does not always procure the shortest travel time. This is the
same case for smart routing and can sometimes present constricting solutions. Taking a smart route
that maximises removal of air pollution from the air does not always guarantee the shortest route
or shortest travel time. Results in Table 1 and Figure 8 expose these facts. If consideration is only
given to distance to be travelled, then R1 is the route to be chosen in contrary to R3, which is chosen by
considering both mobility and environmental parameters.
While the presented solution in this work allows for the removal of air pollution from the air, under
certain conditions such as peak times, incidents on road networks, and work on road networks, a side
effect of the proposed solution could be that more vehicles are directed in areas such as residential areas,
which could have an impact on the already existing concern about air pollution effects on public health.
Therefore, the routing engine which contains the shortest path algorithm should give the people’s
dimension of a smart city a special consideration to make sure that the system works for people and
improves people’s lives. Integration of traffic information and green infrastructure in the process of
making smart routing systems can be used to make trips by taking into consideration information on
the local environment. It is no doubt that smart routing would require real time data to be richer and
more efficient. Real time information is the most efficient and reliable way to determine the least cost
route, and it is consistent with [28] with regards to determining the fastest route. Highlighting one
of the limitations of this research, the least cost path can only be efficiently determined using real
time information.
Given that we did not have access to real time data, future work will enhance the smart routing
system presented in this work by considering real time information to give a more reliable route.
Our approach integrating traffic information and green infrastructure relied on data availability
and the objective of testing the integration of one ecosystem service information in the routing-system.
In this context, the potential of trees to provide ecosystem services (or one ecosystem service in our
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case) is a tool and does not present an outcome. However, we recognize the necessity to construct
an integrated indicator of green infrastructure that combines factors like seasonal variation, foliation
density (pollution dispersion), tree conditions (drivers’ safety), etc.
In this study, air pollution removal quantification was based on place-specific literature, and no
information was found about air pollution removal by species in Strasbourg city. This information
could be provided by the new version of i-Tree Eco which requires an update of the assessment study.
Other factors could also be integrated into the routing-system, like seasonal variation, management
practices, etc., as means of enhancing the model and simulation presented here.
i-Tree Eco V5 quantified air pollution removal rates based on an urban forest survey in Strasbourg
city that was conducted in 2013 and local data collection (hourly weather data and pollution data).
To make the implementation of the smart-routing system more efficient at the micro-scale (i.e., roads),
a network of sensors could be set up at road level to measure traffic and pollution generated by the
transport network. Thus, in-depth analyses are necessary to develop bottom-up simulation models to
study the local dispersion conditions and study the impact of trees at the local scale.
Further research focusing on integrative approach is recommended because we recognize the
complexities of taking into account all subsystems of a city system. With regards to green infrastructure,
more information on green infrastructure, such as impact on proximity of schools, crashes, and potential
flooding risks, etc., are interesting points that could be explored in future work.
While the presented methodology focused on responding to the main objective and took as
a starting point combined mobility information obtained through a smart routing system and
environmental information focusing on green infrastructure to enrich information delivered to
citizens, possible further development of the methodology would focus on advanced development
of the smart routing system by considering historic data and more factors such as characteristics
of routes and traffic performance measures of routes, etc. Various factors can affect emissions by
vehicles, such as speed, congestion level, etc., and could be taken into consideration in the future.
Multivariate regression analysis could be used, and more parameters could be included, and their
significance tested to analyse their influence on the selected route.
5. Conclusions
Mitigating urban challenges is increasingly becoming very important as urban population expands.
Transformation of traditional cities into smart cities is regarded as a potential solution, and many cities
around the world have embarked on a journey of transformation from traditional cities into smart cities.
Though the literature demonstrated that the concept can have multiple benefits, it also showed that the
existing transformation approaches of traditional city systems needed solid and integrative views to
avoid disconnection of city subsystems. The proposed scenario in this work showed how a smart city
system could be integrated by focusing on the information perspective and proposed an approach to
mitigate air pollution through information integration in a smart city system. The work presented and
justified the proposed vehicle smart routing system, a system that combined information from different
smart subsystems of a smart city system to compute the least cost route and at the same time enhance
information relevance. The combined information included mobility and environmental information.
Air pollution is one of the major challenges and its long-term health effects include fatal health
diseases and global warming, which fuels natural disasters. The proposed technique, which combined
and integrated information in a smart city, allows to provide information that helps to reduce
air pollution.
The vehicle smart routing system showed that, while vehicle smart routing might not provide
the fastest route, environmental cost, with special consideration of contribution to air purification
processes, should be given good consideration and not only considered in terms of monetary or time
costs. The results of the study showed that, in a scenario where there is consideration of environmental
cost and air pollution removal capacity of each individual route, travellers would take different routes
as opposed to routes proposed by other traditional eco-routing systems. However, much work remains
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to be done to achieve a mature system using a wider range of real time data and involving a complete
set of all six subsystems of a smart city system as presented in Figure 1. Therefore, future work will
consider real time information to take testing and validation of the proposed vehicle smart routing
system to another level of accuracy and reliability.
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